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Introduction

Representative samples of carbonatite and associated igneous rocks were obtained 
from six drill cores that were drilled near Benton, Arkansas by Molycorp, Inc. and Alpha 
Minerals Co. as part of their mineral exploration programs. The cores, copies of the 
companies' well logs, and a map that shows the location of the drill holes are curated by 
the Arkansas Geological Commission, Little Rock, Arkansas. This report contains major-, 
minor-, and trace-element geochemical data of 44 of the core samples. A brief discussion 
of the regional geology and short descriptions of the rock types sampled are included. Drill 
core samples other than those for which geochemical data were obtained were also 
collected, but these samples are not discussed here. Core samples were obtained as part 
of a study of the alkaline igneous intrusions and their associated mineralization in the 
Southern Midcontinent of the United States, with emphasis on the intrusions located in 
Arkansas. Due to a change in assignment of the first author, detailed study of the cores 
has been deferred.

Geological Setting and Previous Work

There are numerous occurrences of alkaline igneous rocks and carbonatites in 
Arkansas that are part of two trends (Fig. 1). The first trend is a northeast-to-southwest 
direction that extends from the area of the Pascola Arch to the Prairie Creek lamproite. A 
second trend of intrusions extends from a large intrusion, informally referred to as the 
Little Rock complex herein, in central Arkansas to the Monroe Uplift and the Jackson 
Dome, Mississippi on the southeast. Morris (1987) provided a summary of the petrology 
and mineralogy of many of the alkaline igneous occurrences in Arkansas that are found in 
outcrop. Numerous large intrusions have been identified by gravity data (Hendricks, 1988 
and references therein) and magnetic data (e.g., Hildenbrand, 1985) along the two trends, 
but whether these intrusions are composed of alkaline igneous rocks is not known. 
Fission-track geochronology (Eby, 1987) indicated that alkaline magmatism in the region is 
Cretaceous in age, consistent with radiometric determinations (see Eby, 1987, and Morris, 
1987, for summaries of geochronological data).

The carbonatites and associated rocks that are the subject of this report are part of 
the Little Rock complex, a partly buried body that is at the intersection of the two trends 
discussed above (Fig. 1). Outcrop exposures within the area of the Little Rock complex 
are primarily of syenite and lamprophyre dikes (Morris, 1987). Two poorly exposed 
breccia pipes are also found near the town of Benton. Peterson (1972) examined the 
mineralogy and chemistry of breccias from one of these pipes, which is located about 1.6 
km northwest of Benton. Peterson also studied lamprophyre dikes and porphyritic trachyte 
dikes that are associated with this breccia pipe. The second breccia pipe is located about 
3.2 km west of Benton. The cores sampled as part of this study were drilled in an area 
located about 10 km to the southeast of the breccia pipe studied by Peterson (1972).

Location of Drill Holes

A total of seven cores drilled by Alpha Minerals Co. of Houston, Texas in 1963 
were available for examination at the Arkansas Geological Commission's Well and Core 
Storage Library. The location of the four holes sampled for this project were reported as 
follows. Hole EP1-1 was located 1675' north and 270' east of the southwest corner of 
Sec. 29, T2S, R14W, at an estimated elevation of 378'. Hole EP1-2 was located 1700'
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north and 85' east of the southwest corner of Sec. 29, T2S, R14W, at an elevation of 
389'. Hole EP1-3 was located 1630' north and 385' east of the southwest corner of Sec. 
29, T2S, R14W, at an estimated elevation of 378'. Hole EP1-4 was located 1680' north 
and 125' west of the southeast corner of Sec. 30, T2S, R14W, at an elevation of 395'. 
The total depths of the holes, EP1-1, -2, -3, and -4, were 680', 778.3', 653.6', and 970', 
respectively. All drill holes were located in Saline County.

Molycorp, Inc. of Englewood, Colorado drilled holes B7 and B8 in Saline County in 
1985. Hole B7 was drilled near the center of the NW n/4, SE n/4 of Sec. 30, T2S, R14W. 
Hole B8 was drilled near the NW corner of the NE%, NEy4 , SWy4 , Sec. 20, T2S, R14W. 
Holes B7 and B8 were started at elevations of approximately 425' and 385', respectively. 
Elevations were not noted on the log sheets, but were estimated from a USGS 7 Vi minute 
topographic base (Benton quadrangle). The total depths for holes B7 and B8 were 1377' 
and 1500', respectively.

The igneous rocks encountered in the drill holes do not crop out at the surface but 
are covered by Tertiary sedimentary rocks, as identified in the Molycorp well logs. Details 
of the sedimentary stratigraphy in the area of the Benton breccia pipes were presented by 
Gordon and others (1958) and Peterson (1972).

Analytical Methods

Samples were prepared for analysis using standard procedures (Arbogast, 1990) by 
USGS personnel. Outer surfaces of drill core samples were removed before the samples 
were submitted for preparation to ensure that no contamination by the drill core was 
present.

All analytical work was performed by USGS personnel. The following methods 
were used for the analyses reported in Table 1. Where a given element was determined 
by more than one method, all values are reported without attempting to evaluate the 
superiority of one method over another method. Si, Ti, Al, total Fe, Mn, Mg, Ca, Na, K, 
and P were analyzed by wavelength-dispersive X-ray fluorescence spectrometry (WDXRF; 
Taggart and others, 1987) by J. S. Mee and D. F. Siems and are reported as weight 
percent of the oxides. Ferrous iron, reported as FeO, was determined by H. Smith who 
used the colorimetric titration method of Peck (1964). Ferric iron, reported as Fe203 , was 
calculated from the total iron as obtained by WDXRF and the measured ferrous iron. F" 
and CI" were determined by selective ion electrode by C.J. Skeen and J.R. Gillison-Colbert 
using the methods of Kirschenbaum (1988) and Aruscavage and Campbell (1983), 
respectively. Total S was analyzed by first combusting the sample in a sulfur analyzer and 
then measuring the evolved sulfur dioxide by an infrared (IR) detector (Kirschenbaum, 
1983; analyst: C.J. Skeen). C02 was measured by first digesting the sample with HCI04, 
a process during which C02 is evolved and carried into a coulometric cell. The C02 was 
then converted into a strong acid by ethanolamine and is titrated coulometrically 
(Engleman and others, 1985; analyst: H. Smith). H20", or nonessential water, is 
determined by weighing the sample before and after drying it for one hour at 100°C 
(Shapiro, 1975; analyst: H. Smith). Total water was determined by H. Smith who used 
the method of Jackson and others (1987): the sample was mixed with a flux, heated to 
950°C, and the evolved water was determined coulometrically by Karl-Fischer titration. 
H20 + , or bound water, is the difference between the total water and H20". Loss on 
ignition (LOI) is determined as part of the WDXRF analytical work-up and is determined by 
weighing the sample before and after heating at 925°C for 45 minutes. A large number of 
elements were determined by instrumental neutron activation analysis (Baedecker and



McKown, 1987) by G. Wandless and J.N. Grossman. Additional important trace elements 
were analyzed using inductively coupled plasma-atomic emission spectrometry (ICP-AES; 
Lichte and others, 1987) by M. W. Doughten or by energy-dispersive X-ray fluorescence 
spectrometry (EDXRF; Johnson, 1984; Johnson and King, 1987) by J. Kent.

Partial chemical analyses of three additional samples were obtained (Table 2). 
Many of the elements reported in Table 2 were obtained using the same methods as 
reported in Table 1. In addition to the analysts cited above, D.L. Fey obtained the ICP-AES 
data reported in Table 2.

Sums reported in Table 1 are low for several samples. High concentrations of one 
or more elements that usually occur in trace amounts in most igneous rocks (i.e., Ba, Mo, 
Sr, rare earth elements [REE]) occur in these samples and account for a large part of the 
deficiencies in the reported sums. High concentrations of the aforementioned elements are 
not unusual in carbonatites and alkaline igneous rocks (Woolley and Kempe, 1989; Rock, 
1991) and may reflect high concentrations of these elements in the source region(s) of the 
parent magmas.

Compositions of minerals in several of the samples included in this report were 
obtained by the first author using a JEOL 8900 electron microprobe in the USGS, Reston 
electron microprobe laboratory. Compositional data are summarized in the discussion, 
below, as appropriate. Mineral end member compositions were calculated from cation 
values as follows. For olivine, the forsterite component (Fo) is defined as Mg/(Mg + Fe). 
For pyroxene, the method of Morimoto (1988) was used, with the wollastonite component 
(Wo) defined as Ca/(Ca + Mg + ZFe), the enstatite component (En) defined as 
Mg/(Ca + Mg + IFe), and the ferrosilite component (Fs) defined as ZFe/(Ca + Mg + IFe), 
where IFe = Fe2+ +Fe3+ +Mn. Minerals were also identified with the petrographic 
microscope and by X-ray powder diffraction.

Rock Types

The rock types analyzed include carbonatite, carbonatite-pyroxenite breccias, 
pyroxenite, lamprophyre, serpentinized olivine-bearing pyroxenite/peridotite, relatively felsic 
rocks that are partly altered, and highly altered, clay-rich rocks that were probably altered 
from one or more of the mafic lithologies. Pale green to apple green veins of serpentine 
cut serpentinized pyroxenite/peridotite in core MCB7. Partial chemical analyses of two 
such veins are reported in Table 2. Brief descriptions of the rock types and mineral 
compositional data, where available, are given below.

Carbonatites and carbonatite-pyroxenite breccias. Carbonatites have a range of 
compositions that reflect the presence of a variety of accessory minerals. Carbonatites are 
ordered (Table 1) from low to high Si02 contents, which is indicative of the increasing 
abundance of accessory silicate minerals. Accessory silicate minerals include Mn-bearing 
olivine (Fog6-Fog8) and phlogopite. Sparse electron microprobe data indicate that 
phlogopite in calcite carbonatite is low in Ti «1 wt% Ti02) and contains -9-12 wt% 
AI203 . Calcite carbonatite appears to be the most common carbonatite present in the 
Benton drill cores examined and may contain accessory ankerite or magnesian calcite. 
Accessory minerals in carbonatites include magnetite, Mn-bearing ilmenite, fluorapatite, 
pyrite, pyrrhotite, and chalcopyrite. Molybdenite, barite, and quartz occur in magnesian 
carbonatites EP1-2-675.5 and EP1-2-685. Fluorite is a major constituent of carbonatite 
EP1-2-794.3 (Table 2).

Extensive brecciation was noted in the Molycorp well logs. The breccia zones 
consist of partly altered clasts of pyroxenite in carbonatite. Sodic amphibole is commonly



developed at the contacts between carbonatite and pyroxenite clasts. The amphibole, Ti- 
and Al-bearing phlogopite, and diopside replace pyroxene in the clasts. Other reaction 
zones (e.g., EP1-3-632.5B) contain abundant red (in hand sample) mica and no amphibole. 
Preliminary evaluation of the data suggests that sodic amphibole + phlogopite reaction 
zones developed at the contacts between Ca-rich carbonatites and pyroxenite, whereas 
mica-rich reaction zones developed at the contacts between more Mg-rich carbonatites 
(e.g., EP1-3-632.5A) and pyroxenite. This observation further suggests that sodic + 
potassic alteration is associated with the more Ca-rich carbonatites and that potassic 
alteration alone may be restricted to more Mg-rich (more evolved?) carbonatites. 
Additional study is required to determine whether these observations may be generalized 
for all carbonatites in the Benton region.

Pyroxenite. Pyroxenite consists of coarse to medium grained clinopyroxene with 
accessory titaniferous magnetite. Pyroxene is diopsidic and contains significant 
concentrations of Ti (-2-4 wt% TiO2) and Al (-5-9 wt% AI2O3). Ti concentrations are 
positively correlated with Al concentrations and with the En component; Cr was not 
detected in pyroxene by electron microprobe analysis. Interstitial mineral assemblages 
consist of calcite + amphibole ± titanite ± apatite ± phlogopite and are observed in 
some samples. Amphibole compositions cluster in the magnesio-hastingsite to pargasite 
fields with edenite and richterite being less common. Amphibole in pyroxenite is distinct in 
composition from the sodic amphibole found in carbonatite-pyroxenite breccias. 
Phlogopite is intergrown with pyroxene and (or) marginally replaces pyroxene in some 
pyroxenite samples and appears to be more common in the coarser-grained variety of 
pyroxenite. Phlogopite in the interstitial assemblages is less Al- and Ti-rich than 
phlogopite that is intergrown with or that replaces pyroxene and which contains -16-17 
wt% AI2O3 and -3-5 wt% TiO2 . Several mica pyroxenite samples contain unusual 
phlogopite in which individual grains, which are optically continuous, contain laminations 
of microcrystalline quartz. Brecciated pyroxenite MCB7-1319 contains clasts of quartz 
that appear pale blue in hand sample. Petrographic examination showed that the quartz 
contains abundant inclusions of blue sodic amphibole. Veinlets that cut pyroxenite contain 
calcite or calcite + albite + a TiO2 polymorph.

S erp en tin/zed pyroxenite/pe rido tit e. Olivine (Fo86-Fo 90), Ti- and Al-bearing 
clinopyroxene, Ti-bearing magnetite, and perovskite are relict phases in MCB7-1194. The 
Ti- and Al-bearing pyroxene is compositionally similar to the pyroxene, described above, 
that occurs in pyroxenite. Diopside (~Wo49En48 Fs 3 ) is intergrown with Ti- and Ba-bearing 
phlogopite and these two minerals are late crystallizing phases. The extensive 
serpentinization present in both MCB7-1194 and MCB7-893 makes it difficult to determine 
the original pyroxene/olivine ratio and to assign the correct rock name.

Lamprophyre dikes. Four lamprophyre dike samples (MCB8-786, MCB8-775, 
MCB7-1362, EP1-4-650.5) were analyzed. Trace-element concentrations indicate that the 
dikes belong to the alkaline lamprophyre group of Rock (1991). Only limited petrographic 
and electron microprobe work have been completed on two of the dikes, MCB8-775 and 
EP1-4-650.5. Dike EP1-4-650.5 contains phenocrysts of kaersutite and aluminous 
diopsidic clinopyroxene found within a groundmass of albite and calcite; titaniferous 
magnetite, pyrite, and chalcopyrite are accessory phases. Dike MCB8-775 contains 
phenocrysts of Ti-rich phlogopite, magnesio-hastingsite, and aluminous diopsidic 
clinopyroxene. Albite and titaniferous magnetite are accessory minerals.

Felsic rocks. Rocks identified as microsyenite dikes (MCB8-873.5, MCB8-880, 
MCB8-1324) in the Molycorp well logs and as white or gray altered aphanitic or phonolitic 
dikes (EP1-4-966, EP1-4-962.5, EP1-4-766) in the Alpha Minerals well logs are simply



classified herein as felsic rocks. No additional data have been collected. All six samples 
are at least partly altered, with phenocrysts (presumably originally feldspar) now altered to 
clay. The felsic rocks sampled in core MCBS are more mafic than those sampled by Alpha 
Minerals and relative trace element abundances, including the REE, are similar to those 
observed in the lamprophyre dikes, which suggests a possible genetic relationship.

Altered rocks. Five samples of altered rock were analyzed. Sample EP1-4-903.5 is 
a brecciated rock that has been extensively replaced and veined by a finely disseminated 
red-purple Fe-oxide (hematite?), ankerite, calcite, and quartz. Compositions of relict 
clinopyroxene and phlogopite suggest that the rock was originally pyroxenite. The 
mineralogy of the replacement assemblage suggests that it is a ferrocarbonatite. The four 
other analyzed altered rocks (Table 1) are clay rich (smectite group clays) and contain relict 
phlogopite, calcite, ankerite, pyrite, and quartz.
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